###### Strengths and limitations of this study

-   The current study is the first to observe the factors associated with disease progression among people who use drugs in Asia.

-   The study included 20-year retrospective follow-up and had involved large sample size bigger than other similar studies.

-   However, this study is based on retrospective data owing to self-report measures and does not contain viral load measurements at the time of diagnosis, which may bias the results.

-   In our study, we did not obtain the information on when patients actually contracted HIV, detailed information on patterns of substance use, treatment course and clinical events, which might affect our results.

Introduction {#s1}
============

Since the HIV infection was identified in 1985,[@R1] HIV has spread fast in China. By the end of 2016, it was reported that there had been approximately 654 000 people with HIV/AIDS in China. Injection drug use (IDU) has been the most important risk factor for HIV spread in China over the past two decades.[@R2] In recent years, the rate of transmission via drug injection among newly diagnosed HIV/AIDS cases has dropped from 44.2% in 2003 to 7.7% in 2013 because the community methadone maintenance treatment on drug addiction and rehabilitation has been actively explored. Despite this, risky injection behaviour continues to cause the majority of the cumulative HIV/AIDS infections.[@R3] At the end of 2013, the total HIV antibody positive rate among people who use intravenous drugs was 6.3% nationwide.[@R5]

Guangdong lies on a major heroin trade route from the Myanmar border through Yunnan and Guangxi towards the north of China, and its HIV epidemic has been primarily driven by IDU.[@R6] Now, HIV-infected individuals who have been diagnosed early have gradually developed AIDS. In China, the National Free Antiretroviral Treatment Program (NFATP) was initiated in 2002 and subsequently expanded nationwide in 2003.[@R7] It was the further scale-up HIV testing among key populations and immediate initiation of antiretroviral therapy (ART) from 2008 onwards.[@R9] At the end of 2014, more than 363 000 patients in China had received ART.[@R10] Although highly active antiretroviral therapy (HAART) has slowed down the progression of HIV from the time of diagnosis to AIDS,[@R11] the progression is still affected by other risk factors. Several studies have suggested that age at diagnosis and transmission categories influence the onset of AIDS.[@R14] The CD4 T-cell status has been recognised as a surrogate marker for HIV infection and the most important prognostic indicator of disease progression among individuals infection with HIV.[@R16] We questioned if the factors associated with the progression to AIDS among HIV-positive individuals of people who use drugs (PWUD) in Guangdong is similar to those reported in previous studies. To attain a better understanding of HIV progression among PWUD in Guangdong, we used data from the Center for Disease Control and Prevention (CDC), Dongguan, through the national surveillance system to measure the associated factors for progression to AIDS.

Methods {#s2}
=======

Study design and subjects {#s2a}
-------------------------

A retrospective study was implemented using data obtained through two national databases. The first was an epidemiological database of the national surveillance system. Basic demographic information, date of diagnosis, sexual behaviours and clinical information including the baseline CD4 T-cell counts were obtained from this system. The second database was the national treatment database, including all patients who met the national treatment criteria and were provided free treatment.[@R7] The national treatment criteria referred to WHO stage III or IV disease, CD4 T-cell count \<200 cells/µL (increasing to \<350 cells/µL in 2008) or total lymphocyte count \<1200/mm^3^. HIV-infected individuals and patients with AIDS were seen in follow-up every 6 months and 3 months. After each visit, local healthcare providers completed a standardised case report form (CRF) and faxed the form to the China CDC via Datafax.[@R19] These CRFs were then maintained in an ongoing observational treatment database.[@R18]

The cohort started in 1 January 1995 among PWUD. The inclusion criteria for participation include subjects who (1) resided in Dongguan for at least 3 years, (2) were older than 18 years of age at the time of HIV-positive diagnosis by Western blot tests and (3) history of drug use. A PWUD was defined as an individual who had used any illicit drug through mouth or injections, at least once in the past 3 months before the interview. A case of AIDS was defined as a presumptive or definitive diagnosis of stage 4 conditions and/or CD4 T-cell count less than 200/mm^3^ of blood in HIV-infected subject.[@R20] We excluded HIV-positive individuals who defaulted the follow-up phase, subjects without baseline CD4 T-cell counts or those who died from causes other than AIDS. The subjects were followed up from the date of confirmed HIV diagnosis until 31 December 2014. It was presumed that the disease did not progress to AIDS for subjects who were free of AIDS diagnosis report at censoring. Of the 3042 HIV-infected PWUD who met the criteria, 73 (2.40%) were excluded from the analyses because of defaulted follow-up and because they died from other causes ([figure 1](#F1){ref-type="fig"}).

![Flow diagram showing the selection of study subjects.](bmjopen-2018-023841f01){#F1}

Patient and public involvement {#s2b}
------------------------------

Patients were not involved in the design and conduct of the study.

Statistical analysis {#s2c}
--------------------

The information on diagnosis of HIV infection was estimated using the date of positive Western blot test. The observation period ended on 31 December 2014, or at the last follow-up visit, or until progression to AIDS.

The proportion of HIV-infected individuals who were developing AIDS were estimated at 2 and 5 years according to Kaplan-Meier analysis with Greenwood SE. Stratified analyses were conducted by gender, age at HIV diagnosis, marital status, baseline CD4 T-cell counts, HAART, condom usage and consulting service (defined as providing AIDS-related knowledge, promotional materials, disease prevention and treatment). Non-conditional logistic regression analysis was applied to calculate the ORs and their corresponding 95% CIs and was used to address the potential risk factor of AIDS morbidity.

HRs and their corresponding 95% CIs derived from the Cox proportional hazards regression models which were applied to assess the progress of HIV-infected individuals and their potential risk factors after adjusted the confounding variables. All of the confounding variables which were statistically significant in univariate analysis were selected by the enter method in non-conditional logistic regression models and Cox proportional hazards regression models. The data were analysed using SPSS for Windows V.19.0. All statistical tests were two sided, and a p value of \<0.05 was considered statistically significant.

Results {#s3}
=======

Demographic characteristics {#s3a}
---------------------------

Based on the claims data from 1 January 1995 to 31 December 2014, a total of 3042 PWUD were confirmed to be infected with HIV. Of these, 73 were lost to follow-up or had died before they progressed to AIDS; these patients were excluded. A total of 2969 patients were included in the study: of these, 1151 (37.84%) progressed to AIDS and 1818 (59.76%) HIV-positive individuals did not develop AIDS and were still alive. The majority of patients were male (88.65%), and the median age at HIV diagnosis was 33 years (range, 18--66). Furthermore, 687 (23.14%) of the patients were married and over half (50.48%) were receiving HAART. Only 34 (1.15%) of subjects were the methadone maintenance participants.

[Table 1](#T1){ref-type="table"} shows the proportion of progression to AIDS after HIV diagnosis. The mean follow-up time was 38.53±29.12 months. In terms of the proportion of HIV-positive individuals who developed AIDS, 3.60%, 13.00% and 42.20% developed AIDS after 1, 2 and 5 years, respectively. An average time to progression to AIDS was 69.22±1.02 months (95% CI 67.975 to 74.025). The proportion of HIV-positive individuals with progression to AIDS demonstrated significant differences in gender, age at diagnosis, marital status, baseline CD4 cell counts, HAART, condom usage and consulting service. The rate of HIV-positive individuals with progression to AIDS increased at 5 years.

###### 

Rate of HIV-infected PWUD and who progressed to AIDS, Kaplan-Meier analysis results according to demographic factors and selected variables at HIV diagnosis, Dongguan, China

  Variation            Subjects (n)   Per cent with AIDS after HIV diagnosis   P value                  
  -------------------- -------------- ---------------------------------------- ------------------------ -------
  Gender                                                                                                0.001
   Male                2632           13.80 (12.23 to 15.37)                   43.90 (42.33 to 46.45)   0.001
   Female              337            6.30 (3.36 to 9.24)                      29.50 (23.03 to 35.97)   0.001
  Age (years)                                                                                           0.001
   18--                1749           0.80 (0.41 to 1.19)                      18.90 (16.35 to 21.45)   0.001
   36--                1220           30.90 (27.96 to 33.84)                   79.60 (76.07 to 83.13)   0.001
  Marital status                                                                                        0.001
   Single              969            9.70 (7.74 to 11.66)                     36.20 (22.08 to 40.32)   0.001
   Married             687            11.00 (8.45 to 13.55)                    48.60 (43.90 to 53.30)   0.001
   Widowed/divorced    1313           16.80 (14.45 to 19.15)                   42.30 (38.58 to 46.02)   0.001
  CD4 T-cell counts                                                                                     0.001
   \<50                47             55.30 (40.99 to 69.61)                   86.50 (76.50 to 96.50)   0.366
   50--                326            39.50 (34.01 to 44.99)                   78.30 (73.60 to 83.70)   0.002
   200--               1801           9.30 (7.73 to 10.87)                     36.30 (32.97 to 39.63)   0.001
   ≥500                795            5.80 (3.84 to 7.76)                      29.90 (25.39 to 34.41)   0.001
  HAART                                                                                                 0.001
   No                  1470           12.50 (10.74 to 14.26)                   46.90 (43.96 to 49.84)   0.835
   Yes                 1499           12.60 (10.45 to 14.76)                   28.30 (24.18 to 32.42)   0.610
  Condom usage                                                                                          0.001
   No                  2050           13.50 (11.74 to 15.26)                   45.30 (42.36 to 48.24)   0.001
   Yes                 919            12.00 (9.65 to 14.35)                    36.30 (32.18 to 40.42)   0.062
  Consulting service                                                                                    0.001
   No                  1275           15.30 (12.95 to 17.65)                   46.90 (42.18 to 49.62)   0.001
   Yes                 1694           11.20 (11.04 to 11.36)                   39.60 (36.46 to 42.74)   0.001

HAART, highly active antiretroviral therapy; PWUD, people who use drugs.

In the univariate and multivariate non-conditional logistic regression analyses, the differences in the age at diagnosis, marital statuses, baseline CD4 T-cell counts and HAART between patients with HIV and AIDS were significantly different (p\<0.01). Otherwise, HIV-positive individuals of older age (≥36 years) at diagnosis were more likely to develop AIDS (OR=2.711 for 36 years vs 18 years, 95% CI 2.200 to 3.340, p=0.001). Single or widowed/divorced people, those with higher CD4 T-cell counts and those receiving HAART were less likely to develop AIDS (OR=0.549 for widowed/divorced vs married, 95% CI 0.429 to 0.704, p=0.001; OR=0.532 for single vs married, 95% CI 0.404 to 0.699, p=0.001; OR=0.004 for 200 vs \<50, 95% CI 0.001 to 0.028, p=0.001; OR=0.004 for ≥500 vs \<50, 95% CI 0.001 to 0.031, p=0.001; OR=0.059 for HAART vs no HAART, 95% CI 0.047 to 0.075, p=0.001;[table 2](#T2){ref-type="table"}).

###### 

ORs and 95% CIs of likelihood to develop AIDS among HIV-infected PWUD, non-conditional Logistic regression analysis model results according to demographic factors and selected variables at HIV diagnosis, Dongguan, China

  Variation            OR (95% CI)           P value   Adjust OR (95% CI) [\*](#tblfn2){ref-type="fn"}   P value
  -------------------- --------------------- --------- ------------------------------------------------- ---------
  Gender                                     0.503                                                       0.661
   Male                1.00                            1.00                                              
   Female              0.92 (0.73 to 1.17)             1.07 (0.79 to 1.46)                               
  Age (years)                                0.001                                                       0.001
   18--                1.00                            1.00                                              
   36--                2.43 (2.09 to 2.83)             2.71 (2.20 to 3.34)                               
  Marital status                             0.001                                                       0.001
   Married             1.00                            1.00                                              
   Widowed/divorced    0.60 (0.50 to 0.73)   0.001     0.55 (0.43 to 0.70)                               0.001
   Single              0.52 (0.43 to 0.64)   0.001     0.53 (0.40 to 0.70)                               0.001
  CD4 T-cell counts                          0.001                                                       0.001
   \<50                1.00                            1.00                                              
   50--                0.33 (0.04 to 2.54)   0.288     0.24 (0.034 to 1.864)                             0.171
   200--               0.01 (0.00 to 0.07)   0.001     0.00 (0.00 to 0.03)                               0.001
   ≥500                0.01 (0.00 to 0.07)   0.001     0.00 (0.00 to 0.03)                               0.001
  HAART                                      0.001                                                       0.001
   No                  1.00                            1.00                                              
   Yes                 0.12 (0.10 to 0.14)             0.06 (0.05 to 0.08)                               
  Condom usage                               0.149                                                       0.642
   No                  1.00                            1.00                                              
   Yes                 1.12 (0.96 to 1.32)             1.06 (0.83 to 1.36)                               
  Consulting service                         0.507                                                       
   No                  1.00                                                                              
   Yes                 0.95 (0.82 to 1.10)                                                               

\*Adjusted for factors statistically significant in univariate analysis.

HAART, highly active antiretroviral therapy; PWUD, people who use drugs.

Factors associated with progression to AIDS {#s3b}
-------------------------------------------

Results of the univariate and multivariate Cox regression analysis of the factors associated with AIDS progression are presented in [table 3](#T3){ref-type="table"}. Univariate analysis demonstrated that gender, age at diagnosis, marital status, baseline CD4 T-cell counts, HAART, condom usage and consulting service were significantly different between HIV-infected PWUD without progression and those that showed progression to AIDS. Age and marital status might be risk factors for developing AIDS (p\<0.005 for all), while others turned out to be protective factors (p\<0.005 for all). After adjustment for these factors, gender and consulting service were no longer statistically significant factors influencing AIDS progression. Otherwise, the patients aged ≥36 years had a 6.083-fold higher risk of developing AIDS (HR=7.016, 95% CI 6.083 to 8.092, p=0.001) compared with patients aged 18 years. Single HIV-positive individuals (HR=0.691, 95% CI 0.588 to 0.811, p=0.001) was less likely to develop AIDS compared with married people. The factors, including increasing baseline CD4 T-cell counts, HAART (HR=0.599, 95% CI 0.517 to 0.693, p=0.001) and condom usage (HR=0.825, 95% CI 0.710 to 0.959, p=0.012) might reduce the risk of progression to AIDS.

###### 

HRs and 95% CIs of progressing to AIDS among HIV-infected individuals who use drugs, Cox proportional hazard model results according to demographic factors and selected variables at HIV diagnosis, Dongguan, China

  Variation            HR (95%  CI)          P value   Adjust HR (95% CI) [\*](#tblfn4){ref-type="fn"}   P value
  -------------------- --------------------- --------- ------------------------------------------------- ---------
  Gender                                     0.001                                                       0.108
   Male                1.00                            1.00                                              
   Female              0.61 (0.51 to 0.74)             0.85 (0.70 to 1.04)                               
  Age (years)                                0.001                                                       0.001
   18--                1.00                            1.00                                              
   36--                7.00 (6.11 to 8.01)             7.02 (6.08 to 8.09)                               
  Marital status                             0.001                                                       0.001
   Married             1.00                            1.00                                              
   Widowed/divorced    0.98 (0.85 to 1.12)   0.724     1.01 (0.87 to 1.16)                               0.944
   Single              0.77 (0.66 to 0.90)   0.001     0.69 (0.59 to 0.81)                               0.001
  CD4 T-cell counts                          0.001                                                       0.001
   \<50                1.00                            1.00                                              
   50--                0.54 (0.40 to 0.74)   0.001     0.51 (0.37 to 0.70)                               0.001
   200--               0.18 (0.13 to 0.24)   0.001     0.16 (0.12 to 0.22)                               0.001
   ≥500                0.14 (0.11 to 0.20)   0.001     0.17 (0.12 to 0.23)                               0.001
  HAART                                      0.001                                                       0.001
   No                  1.00                            1.00                                              
   Yes                 0.59 (0.51 to 0.68)             0.60 (0.52 to 0.69)                               
  Condom usage                               0.001                                                       0.012
   No                  1.00                            1.00                                              
   Yes                 0.79 (0.70 to 0.89)             0.83 (0.71 to 0.96)                               
  Consulting service                         0.001                                                       0.238
   No                  1.00                            1.00                                              
   Yes                 0.82 (0.73 to 0.92)             0.92 (0.81 to 1.06)                               

\*Adjusted for factors statistically significant in univariate analysis.

Discussion {#s4}
==========

Assessing the characteristics and relative factors after HIV diagnosis can offer valuable information for determining the progression of HIV infection.[@R14] Understanding the natural progression of HIV infection is important in clinical management, counselling prevention and treatment strategies.[@R21] Our study is the first to describe the progression to AIDS after HIV diagnosis in a cohort of PWUD in Asia from 1995 to 2014. The result found that age at diagnosis, marital status, baseline CD4 cell counts, HAART and condom usage may be the factors influencing progression to AIDS. From the surveillance data, 42.20% of HIV-infected patients progressed to AIDS after 5 years. The percentages of progression to AIDS after 1, 2 and 5 years in this study were lower than those reported in a study conducted in Wuhan and Italy.[@R14] The different percentages of progression might be attributed to the economic disparity, different study population and the community methadone maintenance treatment for drug addiction and rehabilitation. Several studies support our findings that PWUD presented less likely to progress to AIDS following HIV diagnosis compared with other populations, which might be related to the younger age of PWUD.[@R14] In our study, we also found that the average time to progression to AIDS among HIV-infected PWUD was lower than population level, while it was higher than among HIV-infected IDUs in USA.[@R24] Disparities between risk groups in the receipt of, or the adherence to, treatment might explain the observed differences.[@R25] Previous studies have documented that because of their exposure to disadvantaged social situation, financial difficulties and lack of family and social support,[@R26] PWUD are lower in the prescription of, and the adherence to, HAART than among persons who do not use drug.[@R29]

This study indicated that increased age is associated with increased rate of disease progression,[@R14] which might be due to the reduced immune function and recovery and higher comorbidity.[@R32] Furthermore, increased age might an increased length of time since contracting HIV. Several studies suggested that older patient had lower CD4 T-count or viral load, which might have a greater risk for progression to AIDS compared with younger ones.[@R36] Reports of gender differences in disease progression have been mixed, with some studies reporting higher male mortality,[@R34] female mortality[@R38] or no difference.[@R35] In this study, we found that gender did not influence the progression of HIV to AIDS. Marital status is still an important factor affecting progression to AIDS. We observed that people who are single had lower risk of progression to AIDS compared with married people, which was inconsistent with the previous study.[@R41] Although it is not known why married people increase the likelihood of progression to AIDS, we speculate that it may be related to where singles are more likely to have contracted HIV early, which may affect his or her marital status. Meanwhile, people who are single contracted the virus earlier and who had lower risk of progression AIDS might be attributed to the younger age with better autoimmune status and earlier stage of treatment at the time of treatment. Another explanation for the much lower percentages of disease progression experienced by single may stem from that they are more likely to have contracted it recently, especially if they are sexually active with multiple.

HAART significantly improves the prognosis of HIV-infected persons by reducing the HIV viral load, increasing the CD4 T-cell levels and delaying the progression to AIDS.[@R11] Therefore, the level of CD4 as a clinical indicator for disease progression may be more meaningful. In China, the CD4 T-cell status decides whether HIV-infected individuals begin to acquire free active ART. The CD4 count criterion for treating adult patients was \<200 cells/µL in the first edition of the China Free ART Manual and increased to \<350 cells/µL in the revised version.[@R7] Unfortunately, a substantial proportion of PWUD received a concurrent diagnosis of HIV and AIDS, and they had low CD4 T-counts at HIV diagnosis in the early study.[@R25] In our current study, the results of non-conditional logistic regression and Cox regression analyses showed that patients with lower CD4 cell counts and those receiving HAART showed faster recovery than other patients, which is consistent with the findings of previous studies.[@R14]

In addition to biomedical HIV prevention strategies such as circumcision and ART, condoms remain an important component of HIV prevention programmes. A previous study has demonstrated that increased condom use contributed to decline in the prevalence of HIV.[@R44] In our study, we found that condom usage is associated with decreased risk of progression to AIDS. This result might be because condom usage can reduce the incidence of sexually transmitted diseases and pregnancy, which in turn slows down disease progression among HIV-infected PWUD.

This study has some limitations as it is based on retrospective data. First, the data did not provide information on when patients actually contracted HIV, the viral load at the time of diagnosis and the detailed data of substance use, which might affect the results. Second, we only used data from cases in Dongguan, which may be a potential cause of bias, and it was not known whether the results can be extrapolated to the other province. Third, these data are only available by self-reporting in their interview, thus there may be a potential bias due to the self-report methods. Finally, we did not obtain the changing nature of HIV treatment over time (both in terms of available medications as well as the evolving treatment programme in our area), which might affect our results.

Conclusion {#s5}
==========

In conclusion, this study found that progression to AIDS following HIV diagnosis differed depending on the age at diagnosis, marital status, baseline CD4 cell counts, HAART and condom usage. Also, disease progression among PWUD was shorter than among other HIV risk groups. Therefore, public health and medical services need to be improved to better target these risk factors to slow down disease progression.
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